P
rognosis remains poor for patients with chronic heart failure (CHF), despite improvements in the prevention and treatment of heart failure over the last 25 years. Recent estimates indicate that the median survival after a first episode of heart failure is 2.3 years for men and 1.8 years for women. 1 It is suggested that the improvements in outcomes that have been achieved can be partly explained by increases in prescribing rates of medications such as angiotensinconverting enzyme inhibitors, 2 ␤-blockers, 3 and spironolactone 4 over this period. 1 Although the evidence on medication efficacy for certain subgroups of patients with CHF is clear, there are also compelling data showing that many of these patients do not take their medications as prescribed by health care providers. 5, 6 This "nonadherence" to medication therefore remains a significant barrier to enhancing the effectiveness of existing treatments.
Estimates for nonadherence to medications in CHF have varied widely. 5 One of the largest studies found that only 80% of patients with a prescription for angiotensin-converting enzyme inhibitors at hospital discharge completed the prescription form 30 days after discharge, and this rate subsequently fell to 60% over 1 year. 7 Full adherence, defined as filing enough prescriptions to have daily medication available for 1 year, may be as low as 10% in CHF. 8 Poor adherence to medication in CHF is associated with worse outcomes in observational studies, including shorter event-free survival. 9 Therefore, strategies to enhance adherence provide a potentially valuable strategy for improving survival, reducing hospitalization and managing patient symptoms in CHF.
In this report, we provide an up-to-date review and analysis of those studies that have developed and evaluated medication adherence interventions in CHF. Because CHF is typically symptomatic and includes medication with actions that are discernible to the patient within hours of ingestion, for example, diuretics and consequent diuresis, an examination of interventions for this population in isolation from cardiovascular disease populations more generally is warranted because some CVD patient populations can have asymptomatic conditions, for example, hypertension or hyperlipidemia and medication regimens with little or no side effects. 10 Previous reviews 11 may have also set inclusion criteria that may be too stringent for CHF populations, in which high morbidity and mortality rates can make attrition rates for medication adherence outcome measures appear abnormally high over 1 year even in high-quality studies, for example, Ͼ80% participant follow-up and Ͼ6 month follow-up inclusion criteria. 11 Therefore, potentially useful studies may have been overlooked in previous reviews. The objective of this systematic review was to identify and summarize the effectiveness of intervention strategies to enhance adherence to medications in heart failure populations.
Study Selection
The following inclusion criteria were used to identify appropriate published studies for the review:
(1) The study design was a randomized, controlled trial in which an intervention group was compared with treatment as usual or a clearly justified comparison group. ( 2) The population of interest comprised adults (Ͼ18 years old) with a diagnosis of heart failure confirmed by a physician. (3) The intervention strategy clearly had a primary or secondary aim to increase adherence to medication prescribed for heart failure. (4) Self-administered medication, that is, medication not administered by a health care professional, was measured as an outcome by any of the following methods: pill count, electronic monitoring, refill or prescription records, and self-reported data.
A trial was included if it met all our inclusion criteria. Reference Manager (version 11) software was used to identify and extract duplicate studies.
Literature Search
We performed a systematic review, using guidelines developed by the Cochrane Collaboration. The databases of the Cochrane Central Register of Controlled Trials, MEDLINE, Cumulative Index of Nursing and Allied Health Literature (CINAHL), Embase, and PsychInfo were searched for full published reports to the end of December 2010. All databases were searched from their start date. The search strategy incorporated relevant terms from recent Cochrane Reviews on adherence to medication 11, 12 and heart failure, 13 and a highly sensitive search strategy developed by the Cochrane group for maximizing the identification of randomized trials was also applied in Medline. 14 The reference lists of all selected articles and relevant review articles were also searched for additional studies. Only studies/abstracts in English were included because translation services were not available to the authors for this review.
Data Extraction
Data were extracted from selected studies with the use of a predefined form. Data were extracted by Dr Molloy. Risk of bias was assessed independently by Drs Molloy and O'Carroll, and discrepancies were resolved by discussing the discrepant judgments. Details of information extracted are provided in Tables 1 and 2 . Study authors were contacted for additional information.
Quality Assessment
As recommended by the Cochrane Reviewers Handbook, 14 we assessed study quality according to 4 main sources of potential bias in the identified studies: (1) selection bias, (2) performance bias, (3) attrition bias, and (4) and detection bias. To do this, studies were assessed for adequate sequence generation and allocation concealment (selection bias), the presence of blinding in outcome assessment (performance and detection bias), and whether reporting of losses to follow-up and intention-to-treat analysis were specified (attrition bias). Selective reporting bias was not assessed because few studies had published protocols before completing and reporting their studies, making assessing this aspect of bias difficult in most cases. The overall quality assessment for each study was summarized by using a risk-of-bias summary figure, based on Cochrane review recommendations. 14 
Analysis
Pooling of the data was not possible because of the heterogeneity of measurement and analysis between studies. We grouped studies according to the main components included in the interventions. This was based on categories specified in a recent systematic review of interventions to enhance adherence to lipid-lowering medication. 12 
Selection of Trials
In total, the search strategies identified 1660 records (after removal of duplicate records) of potential relevance from searches of all 5 electronic databases ( Figure 1 ). An inspection of study titles and the study abstracts revealed that more than 95% of these did not meet the review inclusion criteria. Fifty-three studies were retained for closer inspection, and only 16 independent studies derived from these studies met all the review inclusion criteria. The flow of studies through the selection process is summarized in Figure 1 .
Characteristics of Included Studies
Sixteen randomized, controlled trials were identified, containing data on 3305 patients with CHF. The median total sample size was 144 patients, with a range of 37-902. The majority of studies (9/16) were conducted in the United States. The average age of the study samples ranged from 55 years 15 to 85 years. 16 Male participation in trials ranged from 37% 17 to 99%. 18 The median follow-up time was 6 months, ranging from 2 weeks to 12 months, with 6 of 16 (38%) of studies having follow-up times of less than 6 months. The mean percentage of patients included at follow-up in the 13 studies that provided this data was 79.8%, with a range of 28 -100%. Adherence was measured by self-report in 5 studies, the medication event monitoring system in 5 studies, tablet counts in 3 studies, and medication refill records in 3 studies. Because of the heterogeneity of measurement and limitations in reporting, it was not possible to report a summary of baseline rates of adherence for the reviewed studies. Table 1 outlines a list of intervention techniques that could be identified from the reviewed studies. Full details of all included studies are provided in Table 2 .
Risk of Bias in Included Studies
All 16 studies reported random allocation; however, there was limited information provided on sequence generation and allocation concealment to evaluate this with confidence for many of the studies in this review. Although double blinding Medication event monitoring system to measure carvedilol adherence (5 mo).
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No difference between groups at follow-up. 89.3% of the control group was adherent versus 88% for the experimental group. Note: Although there were 3 arms in this trial, the primary comparison of interest for the adherence measures was the controlled-release carvedilol with the double-blind twice-daily immediate release formulation; therefore we only focus on this aspect of this study.
C indicates control group; E, experimental group; ACE, angiotensin-converting enzyme; NS, nonsignificant; ?, not provided.
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is not possible in most behavioral trials, the issue of blinding was addressed in 31% (5/16) of studies. Eleven studies provided information on loss to follow-up, but only 6 studies clearly specified intention-to-treat analyses. Figure 2 provides summary data on risk of bias across the 16 studies.
Types of Intervention
Interventions could be classified into the 4 main categories identified in a recent review of interventions to improve adherence to lipid-lowering medication. 12 It is important to note, however, that several multicomponent interventions could be included in more than 1 of these 4 categories, and a distinct set of intervention strategies categories did not emerge, as can be seen in Tables 1 and 2 .
(
1) Patient Education and Information
The educational intervention described by Gwadry-Sridhar et al 19 found no evidence that this kind of intervention can lead to enhanced adherence. The multidisciplinary intervention described by Rich et al, 20 which included aspects of education and information provision, found evidence that a multicomponent intervention can lead to enhanced medication adherence. It is important to note that this intervention also incorporated intensified patient care and simplification or "consolidation" of medication regimens.
(2) Intensified Patient Care
The 8 studies that involved intensified patient care can be subdivided into 6 direct patient contact interventions 16, 17, [22] [23] [24] [25] and 5 telephone or telemonitoring programs. 15, 18, 21, 26, 27 All 6 of the direct patient contact interventions led to enhanced medication adherence, whereas only 1 of the telephone or telemonitoring programs led to enhanced adherence. Five of the 6 direct patient contact interventions were pharmacist-led.
(3) Complex Behavioral Approaches
The largest study examining interventions to enhance medication adherence in CHF conducted to date found no evidence that that a complex multicomponent intervention that included a range of behavior change techniques led to enhanced medication adherence. 28 A smaller study that also used a complex intervention that included a range of behavior change strategies also reported null results. 29
(4) Simplification of the Drug Regimen
The single study that attempted to evaluate this strategy on its own did not find evidence of enhanced adherence after a simplification of the drug regimen. 30 Simplification of medication regimens may have occurred in an unsystematic way in some of the other interventions included in this review. 20 
Main Findings
This review found that 8 of 16 randomized, controlled trials identified provide evidence that adherence to medication can be enhanced in patients with CHF. Intensified patient care, particularly involving pharmacists, may be beneficial, as there are at least 5 studies that show intensified care from a pharmacist, 16, 17, 22, 24, 25 in conjunction with other health care professionals, leads to better medication adherence in patients with CHF. There is emerging evidence that patient education and self-management training alone is not effective in enhancing adherence to medication. 19, 28, 29 The overall conclusion of the methodological quality of the 16 trials included in this review indicate that there is limited high-quality evidence evaluating the effectiveness of specific adherence-enhancing interventions in patients with CHF and that the findings of many of the existing randomized, controlled trials should be interpreted with caution. The heterogeneity in intervention techniques and measurement methodology observed between the studies in this review means that a conclusive literature on enhancing adherence to medication in heart failure has yet to emerge. This mirrors findings from other related broader reviews in a range of clinical conditions. 11, 12 Our assessment of the sample characteristics also revealed that the patients enrolled into these studies were not representative of the patients with CHF seen in clinical practice in terms of age and sex profile. This indicates that selection biases are operating in recruitment in this area of research, which limits the generalizability of these findings. The relatively short and variable follow-up times seen across these 16 studies also show that there are limited data on the sustainability of both the intervention strategies and the intervention effects in those studies that found significantly enhanced adherence. Five of the reports included [23] [24] [25] [26] 29 incorporated a health economics evaluation with varying degrees of sophistication; therefore the cost implications of most of the intervention strategies are unknown. However, 2 of these studies 26, 29 reported significant health care cost reductions as a consequence of the interventions. This raises the possibility that medication-enhancing interventions can reduce health care costs, which may be particularly important in new health care funding environments, for example, accountable care organizations in the United States or the Quality Outcomes Framework in the United Kingdom.
Although a number of studies in this review did include interventions that used information technology, specifically telemonitoring of patients with CHF, 13 this area of research has yet to evaluate the role or potential of electronic patient records or new developments in handheld communication devices and social media to enhance adherence to medication in heart failure. Future work should attempt to investigate the potential of these new technologies in motivating, enabling, and prompting patients with heart failure to take their medications as prescribed.
Limitations
The most obvious limitation in this review was that quantitative meta-analysis was not possible. A recent meta-analysis of 33 studies 31 testing adherence-enhancing interventions for older adults estimated that effect sizes were likely to be in the small to medium range, with a summary standardized mean difference of 0.33 in medication adherence observed between control and intervention groups. Only 1 of the studies in the published meta-analysis is included in our review. 20 Until there is greater consistency of measurement and analysis across studies, we cannot know whether similar effects can be achieved in CHF populations. Future investigators should therefore assume that intervention effects will not be larger than the small to medium range when conducting sample size calculations for new studies.
The limited number of studies identified that describe a heterogeneous range of interventions prevent us from drawing firm conclusions on many types of adherence promoting strategies for patients with CHF. For example, the null findings for the one study 30 in this review that compared once-daily dosing with twice-daily dosing should be considered in light of the limitations of that particular study and the considerable evidence in other conditions that simplifying medication regimens is associated with better adherence. 32 There was also limited detail provided on the contexts in which interventions were delivered. This makes it difficult to know where and when effective interventions to enhance adherence to medication are best delivered.
Implications for Research
Adherence to medication and other aspects of self-care for a debilitating symptomatic chronic illness such as CHF is a complex behavior with multifactorial determinants, 6, 33 including a range of individual and social-environment factors. 34, 35 Although earlier studies have reviewed the broader issues of adherence to health professionals' self-care recommendation in CHF, 5 this review focused on those interventions that specifically address medication adherence for 3 key reasons. First, the association between medication adherence and health outcomes is more precisely described, 2,4 whereas the benefits of other aspects of adherence to CHF self-care cannot be estimated with the same degree of precision because of measurement and study design limitations that are inherent in studying these phenomena, for example, weighing oneself daily and limiting sodium intake. Second, adherence to medication is a very different behavioral phenomenon 36 than other aspects of adherence to self-care in heart failure that is likely to have different determinants. Finally, intervention strategies to enhance adherence to medication are likely to be of a different form than many other aspects of adherence to self-care, given the unique barriers and facilitators to this behavior. 5, 33 Therefore, there is clearly scope to develop a focus for further investigation into adherence to medication in heart failure as opposed to more generalized management of self-care in heart failure. 5 Four of the studies included in this review 18, 21, 28, 30 have been published since the Cochrane review of interventions for enhancing medication adherence, 11 and only 1 of the studies 25 included in the present review was included in that Cochrane review. Another more recent relevant review on improving adherence to cardiovascular medication 10 included only 4 studies from the present review. 16, 24, 27, 30 Many of the reviewed studies provided limited information on the content of the study interventions. This prevents the development of a cumulative body of research or even simple replication of individual studies. The increasing emphasis on publishing detailed protocol reports in advance of the study commencement has reduced this problem in more recent studies. This area of research would, however, be greatly strengthened by the development of a taxonomy of behavior change techniques for medication adherence-enhancing interventions to standardize the content, classification, and description of intervention strategies. The value of such taxonomies is gaining increasing recognition in other areas of behavioral science that focus on the role self-care in promoting health. 37 Because the content and context of many adherence-enhancing interventions is not clearly specified in standardized terminology and theory from behavioral science is often absent, the approaches to intervention development in this area can be likened to developing antihypertensive medications without any understanding of the pharmacology of the medication, the physiology of systemic blood pressure control, or the pathophysiology of hypertension. 38 
Implications for Practice
There is clearly scope to significantly improve outcomes in heart failure by enhancing adherence to those existing medications that are known to reduce morbidity and mortality from heart failure. CHF medication regimens have become increasingly complex as new treatments have emerged, 6 which provides a challenge for patients with CHF to manage. Practitioners should consider that developing effective methods to increase patient adherence to existing medications with known efficacy could have far greater health benefits than providing new treatments that may not be followed. 11 The reviewed studies do provide evidence that enhanced adherence to medications can be achieved in heart failure patients and that the role of pharmacists may be particularly important, in particular, direct communication between patient, pharmacists, and other health care providers. 22, 24, 25 This review also suggests that patient education about CHF or self-management training alone may not be effective. Overall it is clear, however, that formal recommendations on the best approaches to enhance adherence to medication in CHF cannot be derived from the existing studies. New studies with more clearly justified and specified methodology are required to generate a cumulative body of findings that could be used to inform clinical practice. In particular, more explicit use of behavioral sciences in developing adherence interventions in CHF is clearly warranted.
Conclusions
It may be possible to improve adherence to medication in patients with CHF by using a range of strategies; however, the specification of effective techniques requires greater clarity in this literature. There is currently limited highquality evidence on the effectiveness of interventions that aim to enhance adherence to medication in typical heart failure patients, and further research is needed to identify the optimum strategies for implementation in clinical practice.
